This editorial paper aims to provide a framework to categorise and evaluate the domain of Chain and Network Science (CNS), and to provide an envelope for the research and management agenda. The authors strongly feel that although considerable progress has been made over the past couple of years in the development of the CNS domain, a number of important and exciting challenges are still waiting to be tackled. This paper provides a definition of the object of study of CNS, its central problem area, the organisation and governance of chain and network co-operation, and the relationships between chain organisation and technology development, market dynamics, and the economy and society at large. It indicates relevant sources of knowledge among the various academic disciplines. It touches upon CNS problem solving by identifying areas for knowledge development and CNS tool construction.
Introduction
A wide range of trends in technology and society drive public and private actors into new patterns of collaboration. On the technological side, the increasing knowledge content of products and services, and the need to accelerate the pace of product and process innovation, force both public and private parties to specialise, outsource and co-operate. On the socio-economic side, mass-individualisation and accelerating market dynamics foster world-wide competition. Increasing public demands for transparency and accountability call for limitation of negative externalities of socio-economic processes. No single organisation is able to satisfy all these rapidly emerging and entangled demands on its own. As a consequence, value transformation processes in which institutional boundaries become increasingly blurred gradually replace traditional patterns of market transactions. Better understanding of the principles underlying actor-networking and network governance should therefore considered to be a mission of paramount significance for multidisciplinary research.
Chain and Network Science (CNS) is the knowledge domain related to the analysis, construction, governance and validation of chains and networks (e.g. Omta et al., 2001) . CNS develops on the basis of practical experiences in chain and network engineering (inductively), and on the basis of theory-inspired research work (deductively), drawn from academic knowledge developed within various disciplines, such as sociology, economics and technology. This editorial paper intends to provide a knowledge map, a tool for directing and focusing CNS research. As such, it tries to clarify what the field of CNS includes, to investigate where we stand in developing CNS and to present a research and management agenda of challenging themes and goals for the years to come.
The object of study of CNS
The object of CNS entails the ensemble of actors that, through a pattern of related activities, produce and transfer value objects, such as products, services, labour, information, money, and property titles. These activity patterns may be referred to as the chain and network processes, the value objects that flow through the network as the network flows, and the pattern of inter-actor relations as the network structure (Jonkers et al., 2001 ). This includes their modes of competition and co-operation, and the mechanisms implemented for governance and management of these processes. In particular, CNS concentrates on the behavioural and social aspects of organisation and governance: the nature of choices being made, the incentives and constraints, the basis and the use of power in relationships, and the nature of interaction and communication. Below we will first elaborate on the different chain and network definitions and concepts. Then we will combine these in the netchain approach.
Chains
Firms pursue their objectives (e.g. market share, stability, growth, and profit-making) given the available resources, technological opportunities and environmental conditions. They seek co-operation in chains if this improves performance levels compared to spot market operations. Together, they organise and govern the consecutive steps from raw materials and intangible inputs to consumer products and services. The various definitions of the supply chain emphasise this flow of value between organisations. We will quote two:
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A supply chain is a system whose constituent parts include material suppliers, production facilities, distribution services and customers, linked together via the feed-forward flow of materials and the feedback flow of information and financial capital. (Stevens, 1989) .
A supply chain is a network of organisations that are involved through upstream and downstream linkages in different processes and activities that produce value in the form of products and services in the hands of the ultimate consumer (Christopher, 1998) .
Both definitions emphasise that a product is transferred between firms before it reaches the consumer; thus a chain of firms transacting with each other is built. Figure 1 depicts a typical supply chain (Lambert and Cooper, 2000) . It shows that SCM views a company in the centre of a network of suppliers and customers. Major characteristics of a supply chain are (Cooper et al., 1997 ):
• It evolves through several stages of increasing intra-and inter-organisational integration and co-ordination; and spans from initial source (supplier's supplier, etc.) to ultimate consumer (customer's customer, etc.).
• It potentially involves many independent organisations.
Thus, managing intra-and inter-organisational relationships is of essential importance.
• It includes the bi-directional flow of products (materials and services) and information, and the associated managerial and operational activities.
• It seeks to fulfil the goals of providing high customer value with an appropriate use of resources, and building competitive chain advantages.
Networks
Firms may co-operate across markets and across industries in order to leverage their key resources in new areas, exploiting increased economics of scale and scope in those resources. Relationships with other firms that were previously not possible due to high co-ordination costs or high transaction risks may thus become feasible (Clemons and Row, 1992) . This may result in a specialisation among actors, leading to increasing interdependence, flattening of hierarchies and the development of inter-firm structures for co-operation and decision-making. Wasserman and Faust (1994, p.20 • Value at the ends. Most economic value will be created at the ends of networks. At the core -the end most distant from users -generic, scale-intensive functions will be consolidated. At the periphery -the end closest to users -highly customised connections with customers will be made
• Value in common infrastructure. Elements of infrastructure that were once distributed among different machines, organisational units, and companies will be brought together and operated as utilities.
• Value in modularity. Devices, software, organisational capabilities, and business processes will increasingly be restructured as well-defined, self-contained modules that can be quickly and seamlessly connected with other modules. Value will lie in creating modules that can be plugged into as many different value chains as possible.
• Value in orchestration. As modularisation takes hold, the ability to co-ordinate among the modules will become the most valuable business skill.
Network Analysis (NA) looks at the character and organisation of these formal and informal network relationships. In NA the ability of a company to create value is highly dependent on its network position.
Netchains
Both supply chains and networks are sets of organisations that maintain relationships of some kind. A supply chain is characterised by the sequential order of the transactions involved. The network is characterised by the specific properties of the transaction relationships, typified by reciprocal relationships in which informal information sharing and trust building mechanisms are crucial. Thus the distinguishing characteristics of chains and networks are of a different order. Consequently, a supply chain is not necessarily a network. A supply chain can be considered a network if the sequence of transactions between firms is not only arranged by means of the market or through formal mechanisms, but also by reciprocal and informal mechanisms. Precisely because this is increasingly the case in many supply chains, there is a need to bring insights from Supply Chain Analysis (SCA) and Network Analysis (NA) together.
In the first issue of this journal, Lazzarini et al. (2001) attempt to integrate both lines of thought by relating the difference between SCA and NA to differences in interdependencies between firms or agents. They follow Thompson (1967) in differentiating between sequential interdependencies, which refer to sequentially structured tasks, and pooled interdependencies, which refer to situations where each actor makes a discrete independent contribution to a given task, or reciprocal interdependencies, where such contributions are mutually dependent. They posit that SCA focuses on sequential interdependencies and NA deals primarily with either pooled or reciprocal interdependencies. By relating the differences between SCA and NA to the nature of interdependencies between organisations, they construct a formal basis for integrating them in what they call a netchain approach. They define a netchain as:
a set of networks comprised of horizontal ties between firms within a particular industry or group, such that these networks (or layers) are sequentially arranged based on the vertical ties between firms in different layers.
The combination of certain actors and rules results in a certain type of 'netchain architecture'. Optimising this architecture and the intensity of co-operation may generate added value. Lazzarini et al. (2001) identify six core sources of value improvement resulting from optimising cooperation. The first three of these are related to chain cooperation and the latter three to network co-operation. They focus on the following issues of optimisation: transformation, transaction, property rights and value capture, social structure, network learning, and network externalities.
Though each of these six issues of optimisation has received extensive attention in the literature, this has been predominantly in the context of partial analyses. CNS aims to bring these strands of literature together in an integrative framework. The next two sections draw upon a position paper for the Dutch Chain, Logistics and ICT (KLICT) programme by Diederen and Jonkers (2001) .
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Below we will discuss the different aspects of CNS separately. Venkatraman, 1994) . Of major importance is also the introduction of biotechnology, which may require an entirely different organisation of the value chain with concomitant changes in institutional mechanisms. Producing products with biotechnology may introduce new functions in chains and networks, while making others superfluous; it may increase the value of some production factors (e.g.
CNS and technology
knowledge, technological capabilities) at the expense of others (e.g. capital equipment, land). It is broadly recognised that new technologies do not come to us as 'manna from heaven' . In technology development both technology-push and demand-pull factors play an important role. This is the subject of extensive literature (e.g. Freeman, 1990 and Stoneman, 1995 for reviews). As CNS focuses on changes in the organisation of value creation, technological innovation, in the sense of adaptation of specific applications of new technologies to the needs of particular chains and networks, is considered an important object of study.
CNS and market dynamics
Ultimately, firms produce for consumers. What products and services constitute value in the eyes of consumers and what consumers are willing or even eager to buy, depends on the developments of tastes on the one hand, and purchasing power on the other. Though levels of purchasing power are generally beyond the direct influence of firms, tastes for particular products may be influenced through agile marketing. Nevertheless, CNS takes general changes in tastes and levels of income as given, as they are determined by social processes beyond the scope of the individual supply chain or industry network. Higher average levels of income in combination with market saturation for many products have resulted in the transformation of supplydriven markets into demand-driven markets. This results in the need for increased responsiveness and flexibility of
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Socio-economic and institutional environment CNS the organisation of value creation through collaboration in chains and networks of firms production, distribution and product development systems, e.g. through introduction of new organisational and technical mechanisms for feedback in production planning, intensified communication, systems of late conversion and postponed production, and improved transparency. Cultural change and mass individualisation result in an increasing demand for product and service differentiation and henceforth in transitions of economies of scale to economies of scope for producers and retailers.
CNS and the institutional and socio-economic environment
Firms operate in a given socio-economic environment, characterised by product-market structures, labour markets, capital markets and economic policy. Like technological change, institutional change and changes in economic policy are not autonomous processes; they are induced by economic and social dynamics. World-wide economic integration and lowering of international barriers to trade increase global competition. This results in a drive for accelerated technical and organisational innovations to improve efficiency and quality.
Sources of CNS knowledge
To understand the dynamics of chain and network organisation and the use of institutional mechanisms, inspiration can be obtained from a range of disciplines. Table 1 provides an overview of relevant fields of knowledge (Diederen and Jonkers, 2001 ). The first two columns list theories that pertain to the core of CNS, chain and network organisation; the latter three columns list theories that concern the links between the core of CNS and the determining factors.
Consequently, CNS is a multidisciplinary endeavour: it draws upon a fairly wide range of social sciences and occasionally makes use of technical inputs. However, CNS aims not only to bring various disciplines together, but also to take the endeavour one step further. It tries to go beyond analysing specific institutions from a single perspective, and to shed some light from an integrative perspective, which institutions are appropriate or optimal in what situation, and on how different institutions interact.
CNS tool development
According to Diederen and Jonkers (2001) , it is the ultimate goal of CNS is to develop solutions for problems that are encountered in real-life organisational arrangements. These solutions take the form of 'tools', generic instruments to tackle specific types of real-world practical problems. Tools for design, construction and governance aim at facilitating the implementation of technological innovations; tools for enabling processes of communication and change aim at social and organisational aspects of innovation. Network business redesign always involves intricate combinations of technological and organisational aspects of co-operation. Chain and network designs ideally provide for sufficient flexibility, such that there is room for adaptation to changing circumstances and for further development. Network design and redesign trajectories may be implemented as iterative innovation cycles of technological and organisational aspects, increasing network performance step by step.
The main objectives in this regard of CNS can be categorised as follows:
• increasing responsiveness and flexibility, optimising the ability to react to changes in consumer demand, for instance through information exchange on stocks and flows of products and through optimising these stocks and flows;
• concerted process innovation, optimising the flow of technical transformations, for instance through standardisation of components or packaging and through improved logistics;
• concerted product innovation and market development, optimising the ability to exploit new market opportunities, for instance through joint product development;
• capturing side-effects, managing and controlling effects of production activities on the environment and on public opinion (aspects of quality of the production process); taking on social responsibilities and dealing with societal values and ethical concerns.
It is in the development of tools that scientists and innovators meet. Above, we distinguished between technical tools for design and construction and social tools for communication and co-ordination. Table 2 refines this categorisation of tools by distinguishing also between the purposes of tools (problem categories). The distinction between technical and social tools is presented on the vertical axis and the main problem categories on the horizontal axis. The cells present the tools that are being developed with contributions from both sides, deductively from the side of research and inductively from the side of business.
Concluding remarks
This description of the knowledge domain of CNS is a starting point, a first attempt to define and delineate this new multidisciplinary field of research, a first step in structuring current thought on chains and networks and in identifying future development paths. As new CNS knowledge is and transport planning generated in both inductive and deductive efforts, as new engineering perspectives open up, and new approaches from alternative theoretical vantage points are attempted and explored, the crude outlines presented in this editorial paper will be expanded and refined. In an interdisciplinary field like this, where so many additions to knowledge come forth in a piecemeal manner from all sides, it is of crucial importance to bring these new pieces of knowledge and experience together, while keeping an overview of the domain's whole structure as it develops. To do so, facilities have to be created and procedures put in place, that deal with the further development and expansion of the overall knowledge base as delineated in this domain description. We strongly feel that although considerable progress has been made over the past couple of years in the development of CNS, a number of important and exciting challenges are still waiting to be tackled.
In this editorial we have presented a model for CNS developed by Diederen and Jonkers (2001) . In the next issues we will introduce other models to further enrich the discussion on object and scope of CNS.
Contents of this issue and management implications
JCNS intends to be a virtual platform in which scientists meet with business managers to exchange the latest ideas and concepts on chains and networks. An overview of the managerial implications of the different contributions in this second issue is given below.
The first article of this issue, by Hornibrook and Fearne, analyses the impact of uncertainty on contractual relationships in the supply chain. Due to recent incidents, food supply chains have to deal with more risk and costs associated with food safety and quality requirements. The case of the UK beef supply chain demonstrates that increasing risk has a significant impact on contracts all along the supply chain; in general, emphasis is shifting from outcome-based contracts towards behaviour-based contracts. An interesting aspect of this study is the role of subjective information on the behaviour of actors in the chain and the importance of personal relationships in each dyad of the chain. It is revealed that formal objective
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Chain and network science (2001) 83 information as used in quality assurance programmes is effective in reducing risk within the chain, e.g. at retailers, however this is far less the case at the level of the consumer. From the analysis of the transaction costs involved in supply chain risks, the authors conclude that the market offers greater incentives to meet food safety and quality standards than public policy can.
The second article, by Kemp and Gauri, is about the factors that determine the performance of a joint venture. It appears that, in contrast to expectations, differences in dependency between partners in a joint venture do not necessarily have a negative effect on the performance of a joint venture. This is interesting because most managers are reluctant to start a joint venture with a dependent partner, because they presume that conflicts may arise more readily with such a partner. The article shows that the threat of conflict due to asymmetry in dependency is compensated by the norms of exchange shared by the partners. Therefore, the authors recommend that firms manage the dependency position in a joint venture by investing time and effort in discussing the norms of exchange up-front in order to develop trusting relationships between the partners. The third article, by Fynes et al., looks into the interface of quality management and buyer-suppliers relationships. The study conducted in the electronics industry has implications for both operations and marketing managers. First, they should recognise the important role of quality design in the overall spectrum of quality performance. Quality interpreted as 'meeting the specification' is regarded as an 'order-qualifier', whereas quality implemented in the design is called an 'order-winner' . Second, obtaining design quality a strong supplier-buyer relationship has to be developed,-involving trust and commitment, and a willingness to adapt to each other's needs in a flexible way. Especially in situations involving complex product and process technology, customers need to consider strong linkages with their suppliers in their product development.
The fourth article in this issue, by Hagen and Hayashi, deals with the development of new network structures. In the transfer of goods from a manufacturer to a multi-unit retailer, there are various alternatives for the provision of warehousing and distribution functions. In an in-depth case study analysis, a description is given of the recent evolution of a distribution network function for ice cream in Japan and the forces behind these processes are explored. The study reveals the most important mechanisms that appear to have helped ice cream manufacturers trust their competitors to build a joint distribution network. It describes how the relation between manufacturers and their dedicated wholesalers changed. Detaching from the wholesalers, turned out to be an enabler for building up trust between the competing manufacturers. It was also shown that the features of the unified distribution arrangement and the changed nature of stock ordering and shelf planning enabled the manufacturers to co-operate with their competitors.
In the fifth article in this issue Skytte and Blunch report on an extensive international survey among retail buyers on their judgement of, and vendor attributes of, suppliers for some food products. The research shows that the traditional four Ps are losing ground to some attributes that are often neglected. The demand for traceability implies that producers must be able to provide information on a wide range of issues on the history of the product. To guarantee the quantities that are needed, suppliers are judged on their ability to develop horizontal co-operation with other suppliers. Suppliers are also more frequently assessed on their ability to deal with the issue of vertical co-operation with retailers. To develop long-term relationships with retailers, some suppliers-have to drastically change their attitudes about how to do business. A remarkable conclusion of the study is that retailers in Western Europe do not have significantly different attributes; it seems that it may be easier to export within the European market than was previously thought.
